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3-D COORDINATE EXTRACTION USING STEREQSCOPY

Mr. Sittiporn  Channumsin
Mr. Ong-ard  Panyachatira
Asst.Prot.Dr. Chuchat Pintavirooj (Advisar)

1" Semester, Education year 2005

Abstract

This report concerns about the design and construction of the 3D coordinate
extraction system which is based on the stereoscopy technique. The system consists of two
identical camera mounting on the platform that capable of sliding on the dual rail. The taken
images from two camera are sending to the PC via a video capture card. The corresponding points
on the two images are searched based on using the color coding scheme in which the color dot are
marked on the object and the image of the color dot are searched using template matching. The
automatically determined corresponding points are then used to compute the 3D coordinate of the
object. 3D coordinate extraction using the stereoscopy technique can be applied in a varieties of

field including 3D modeling and shape extraction
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image) (56131 §AOUNA (Conjugate pair)  EMTULLUT OIDE 11 ynyaluglaniazey

Tuuuaderiuginaes Saszeeieszndgaussgnauyma o1 Aawi3a (Disparity)

R B R R EE RS B S LT T_ R
1
1

Laft Carrlﬁera axis ra

.L*‘"».

C - » C,
Left camera lens b Right camera
centers lens centers

gﬂﬁ 3.4 Stereo imaging
THyaduliavesduduvosssinidouwiuiuiigafnaaauddmdiy
Ms1f5 sUMeUA WMAVLAAIY (Comparing similar triangles)
z=x'[f (3.8)
(xb)/z=x"/f (3.9)

Wipmfey aunisaisdu

z=bf/(x’x") (3.1

anuanngauunwiandueamldlesnin limifoutuvesdnyuzvosgeuss
N (Disparities of corresponding image points) HonaiA1AuATsuLa lTavaztiohu

1 o ° Py o :: o o
anuud lumssuanaudn  tazmniugauunwi ldnnndsaiaaesduioadaden

vzinauiRoulumstiuauemwaanfin (Perspective projection)
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Scene object point

1

L)
1
v

1
Epipolar plane
L

gﬂﬁ 3.5 Cameras in Arbitrary Position and Orientation

3.3 ndoslusiumia limiuey (Cameras in arbitrary position and orientation)
1 1 o @ ar 3 o ' Y Ta o 9 1
Anouginaeglundniuinduda Tnard uaduddInad ldintudeegnn
[= o
HPRILTIESR]

> T
Tuwu$anall unuveandasiaiuigalueanie (Point in space)

O‘pt}cal axes

Left image,f’_,.-"! i
plane o Right image

plane

Stereo baseline

h.

31N 3.6Cameras in Arbitrary Position and Orientation

¥

dmsuynlen BAuArluoimemsaiuiy $133aw3A (Zero disparity)
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a1 lumiieuniu (Disparities) gniangu 1 ammude

+ (d>0)
- (d=<0)
0 (d=10)

1

> v
mugluungnldlumsudilymimsunsiminig (Ambiguous matches) Tao@i n1s
asnaeugrougmalunmmpeile mdlanld Jgywmimsmeandasiu (Correspondence
o @ 1 3 W e o 4 o v
problem) #igauAnzya lugidudiunasomgaiiidnyummiioufulugdd e
sidudludealgduuumsusriadsems wu Su (Edgesniovanma (Regions) 4alaoidy
P & g Y o . Q2 4 A 3 )
udrnudnduu lAandnunruoaPoint Tavnnuaniendu Ido1nn1s dszuma Tag
mATAN Bumod Tedu(Interpolation) 1FUBR WA (Epipolarnimiludasmuaiiuiluns
HIENOULNA(Conjugate)  udatelshaudinadiflgsnaiudianatn  uaslimoanms 19

w3eadonud la'lasn

3.4 M59@ (calibration)
3.4.1 MIMUUATIANIIALLUUBY (Absolute Orientation) : FEyfMUA@ETAN1IN

uHUDUINGBUAUTDITAT IR

u

o a a

3.4.2 MIMMUANANIANTURUERU (Relative Orientation) : SxyA Wz ATNn19A

@ Qo

IAUTAH910 1U519A9Y (projection) maaqﬂﬁi'ﬂ
343 MIMUUANANINNIGUBN (Exterior orientation) : J2UA U@L AiANIg
mem‘aﬂinn‘[ﬂsm%mjmgﬂﬁ‘?ﬂ
3.4.4 mafmuafian1anolu (Interior orientation) : AMUAAARYIAINADY (A1ATH

Y2INED, MUHUIVDIYANEN (principal point), MIdaliouvanaud 1a4)

35 5xun§iﬁuﬁu (Coordinate systems)

sruugsusUveIRdn lun s S atan Al

L]

o

3.5.1 §OUAUYBININ (Scene coordinate) : 15 MYAlunIN

L)

3.5.2. SUAUDINEBA (Camera coordinate) : 1Haauinarande swmugatoinIy

¥

353 ﬁﬁuﬁﬂ%@dgﬂ (Image coordinate) : igmmmw%tlﬂnuizmmmgﬂ (Image

plane)
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as

3.5.4 EUAUNAYA (Pixel coordinate) : dIMTUTOUANT (grid) ¥0I31/F79613 (Image

u

samples) "lum{ﬁﬁﬂmagﬂ {Image array)

3.6 anwvinesaliliilugyl (Pixel to image)

Far s

sruvRdudvvetefsdresgliigasuduininavude  s1aunsonlasussudy

@ oo

wnwaldiiugdudvvesszunvesgyld TnelFluuusnadavoindss (geometry of the

u

] .
I=] =%

camera) DY UNUMAR (Principal axis)Fousiuduszwvesgiiganinarweso1sisd
10431
Y s o = o ¥ < A
0197136090931 11107 (row) 1B m MAN (column) 1A YANINAIAD

¢ =(m=1)/2 ¢y =(n-1)/2 311
nsudasnnguduinma [i] Tdugdusuesgy ooy 19

¥=j—(m-1}72 V=-fi-(n-1)/2] {3.12)
finualddosiusesniundnio s uazgoainseniunifio s,

X=5.[j—(m-1}/2] Y=-sfi=(n=1;/2} (3.13)

37 msﬁmamqﬂ 3 fialasl¥ndoanaius (Computing 3D points using multiple cameras)

HIAWHTARA 3 T8 [xy,2] 91031 2 31 A9 [r,c,] uaE [r,c,] 9InNdABa 2 AN

Anvuzmiiouiu

1.8 Stereo Triangulation

gumsiFudu 4 aunsvosaunls lins e xy.z

no=fay —ann X+ (ay —apn )y +fa; —asn s +ay (3.13)
€)= fayy ~ 30y )X+ (ay3 —a5yC) )y + (A33 =~ @330 )=+ ay (3.14)
Fy = (byy = byyra Jx 4 (byg — by Jy+ (bys - by3ra )= + iy (3.15)
€3 =y — by 169 X+ (Byy = Byay J¥+ (Bag —byacy )= + bay (3.16)

3.9 MSAINADY (Camera calibration)

T .
a oA 1o

Fafidpaifion1danls (Parameter) YDULATNA (Matrix) voandeaniutldod’ls ns
) r 1 4
1%1ﬂﬂﬂﬂﬁ1ﬁ&ﬁﬁ)dﬁ1ﬁﬂ Mg (Least-squares fitting technique) UUUAOU (Procedure)

azl51
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AW (view) uaz TWAA (focus) Y9 INdoe Aad

€

aghdAnansagna1elunin (scene)

q

¥ a o & A 3 a:\y
U (set) voadaya n @1 <P,V P, > gnSmun 9a o Todhaden 6 9a dr9au1Andil

ng
iy dd? a L] ] & o dw
F-Jﬁ'ﬂblﬂiltﬂﬂlu L"UEIHLL"ﬂuﬂU'NQ’IUHlﬂﬂﬂ
=R BT, (3.17)
WP,_ _[¥p ¥ P_}.,H"P_.] “lxpyp2,] (3.18)

3.10 msfandaalaely Least-Squares Technique
I8oun1s 2n aums 9pmsdaga n A
Aznel1 X115~ B2t (3.19)
TEUURUININTEDINNI5 21 (Over-determined system) (51489MINGY (set) YDIATH?
utls Bawawnvesnas1iMAae sz ageURUTRDINS (Observed coordinate) AUASURD
o Y a4 Y B =T
‘ﬂﬁﬂﬂmﬂmm AFUDINADY {Camera matrix) Lﬂummqﬂ
x=(AT 47 4"p {3.20)
3.11M1569n309UD1 Tsai {Tsai camera calibration)
'ﬂ = S w daue ' ¥ VW Y Y Ve o
L ul11ﬂuﬂﬂ1'§ﬂQﬂﬁﬂﬁ“ﬂﬁlTHUEEWQﬂ'NQSUTN ﬁWiJ']'iﬁH'lﬂ’]ﬂ’]ll“]Ji“UENﬂﬂ@ﬂ 1ﬂ JU
fuals oty (nerinsic parameters)
Al nuunn (Extrinsic parameters)
Amualdunumaiandadl
P = [x,y,z.] Wlugalussuuiida 3 Ddvealan
o = .
p=[uv] Lﬂuﬂﬂiui:uTUﬂJﬂdeﬂ‘N (real image plane)

o = o o
a=[rel WuAnesalueisisdveagil

3111 sianlsmelunded (Intrinsic camera parameters)
Flsvaandoddinad
i}ﬂfﬁ;llﬁ}u {Principal point} [u,v,] : 1NAATSNLAY (Intersection)ﬂlﬂfmﬂuﬁ
dand (optical axis) M5V
mnaunnABs (Scale factor) {d, d}: FMTUNANI X U y
mmsﬁﬂumm;ﬂ (Aspect distortion factor) T, : MHunnsiaeaneniuaioy

Tudasiamupandod
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AU IANE (Focal length) £ : szozvinnatagUfidana (Optical center)

=&
dasznuve gy

m3fiadouvouaud (Lens distortion factor) K, : 1uuvdrassmsiiadion

oo L4
VDITALIBUT

3.11.2 ﬁ)!!ﬂ‘iﬂmuﬂﬂﬂgﬂd (Extrinsic camera parameters)
aFmnrIfud ez iensvesszuundeslunide 3 8 veslan 573U
151291 (Translation)

t={t .t t]"

o byt
M THYU (Rotation)
il r12 k13
r2t r22 r23

¥31 32 r33
1] 0

R= (3.21)

i - R o T o}

[=-]

3.11.3 A1SAANABANVY Tsai (Tsai camera calibration)
M A g = ¥ ar
gid (set) VYD : MU n > 5 NTADAANDINU
(%, vy zLIn, vD[1= 1.0}
[, v] ATUIUINA M UIR YD (Pixel position) [r,c] T
u=Tdlcu,) (3.22)
v = -dy(r—vn) (3.23)
: o ar A o
cl];‘l-l“l.l‘lnlllla'ﬂ BN (set) ¥DIu ‘UE]QW'J!HJ'J‘WﬂWu'Jﬂ!inﬂﬂ'JLL‘IJE.ﬂWU‘L!ﬂﬂ
% {x, v, z1lu, vi])|I =1,...,n} AomIATNF A NN a,
g, = [vx, vy, ux,uy,v] (3.24)
T L= [ 1 W, )L i amed (Vector) voadaualsit linswa Tag
H] = r] l/ ty
H,=r/t,
Hy=rn/1,
Hy=r,/t

HSth/ty

AuMTIFuF UL
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L)

dinvoayanand wizeoundmanseily

ALL=b (3.25)

L ainsafusndualinsiyunamaiou

3.12 M3U5uneundea (Camera Calibration)
[y = ) - 4 QQd'yu ]
msUFuieundoudumannlszmanuning M vingalunin 3 GARTAwMIAY
mwiifeduregs sintihmsnnniwednelutaznniveyneueniinnsums
Yoy 1dndowdufor  Tumsnuunsagd M snhmsmgalunnfimmaisifn X = |

=

v 3 1 »
xy.z] uazgalunin 2 dafmeandosiu fuv]” Feozldaunsfieglugdaunisdall

x
my My MMy My
[#4]] ¥
m, m m,, m
1 2 23 24
av | = z (3.25)
My My Mhy Wy
o l
mx+ mpy+ mux+om,
au

M, x+ Myu¥Y+ MyX+ m
av =1 2 3 24 (3.26)
. MmyX+ mLy+ mpx+ o ny,

Annsuesuoaladlfrindnd 3 10u 1 02 1deums
u(m, x + myy + myz = my,) =m x +my+m,z+m, (3.27)
V(mnx tmypy+tmyz+ m34) =myX +tm,y +m,z+tm, (3.28)

Ed T i
datuwseg WeumsBudu 2 aumsdmiogelunin 3 dandgauszgalunm 2 487

aoandeaiuiims@ouaunts Indlugilveuwnd nd i

73158
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m

0 0 0 0 —ux —uwy —uz —u| '
m,,

x ¥y z |
000 0 x y z 1 —wx —-vw —vz —v
(3.29)

Y

o = o = ] r as = =] ar A o
szt lauiaanlsn lunswa 11 daals unufenihu 12 dnnlsiosnnudmaainig
gogui lnrnsansiui1d Tumsudauns Talufidemsdeldodnlos 6 ga &3

1 o R A
11T 6 9993 TAaUMS Over-determinee Famugaun 19 1au1435 Least Square
] 14 o o o : 1 ° = o R .
W lduming M udrdusoude luvmisuenmisiiwesnioly ¢ Inrinsic Parameter)
A
11199910

M=[KR-KRT] =[A|B] (3.30)

* v
ANluMsnEoY 3x3 unudiy A namesaodutivnilegaunudis b amesHi
& 2 A o 91 '4 PRy =5 =
WiimeissszmiouRtnIousneenin Whelas t = -A-1 b named ¢ Wiayahuenia
AMUSNINA19D T image Plane
VINUIUADISHT A = KR Teh K iThum3 adaruwdonun ( Upper Triangle) @z
= o = o = o v 3 q 9 =
ind R fluminden lsnouea msuonumsad K uay R mwsoinldlarldimailn QR

o 3 o o
Decomposition §1H5LINTNF A
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U ??I!
U=yl =MX= m§ X
w m;
Q a £y a Y
dmsunaoan 2 15114
u m","
u=|y [=M'X=|m" |x
' vl
Lw m

{3.30)

(3.3

Tagdl u waz o unuRtalunmassiaglundos 1 uaz 2 muddn lumsddaaimnanly

1 0 a T v = . R
NIIUAT TN HIdR AU T H 19w IS ng Perspective Transformation M
uzviw=mX:m;X:m, X
uiviw'=m' Xom] Xom'] X

>
o

s ldaunsdwmsundes 1 nazndos 2

‘ . ; .
umy X =vm| X u'my X =vim' X
; . r ;
um, X =vm’ X um'y X =v'im'| X
N . , .
um, X =vm, X wmy X =vim', X

unsoaou T 1éith

r r r
um, —vm w'm'l v m
! I T 1
um, —vm, | X =0 |u'm';—v'm'| |X =0
! ¥ T T
um; —vm, w'm', —v'm'

(3.32)

(3.33)
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AINTULDTNVDIANNTTUSAGIN w UDIATBIAI —v LA IIAITUIR 1571
(uwm; —vwm| —wvm, +vwm! VX = (wwm) —wwm. )X =0 (3.34)

aw o ] dy ey w = 3 =
DnaunItHUNauMsil DAmauiia Lincarly Dependent fiuuaenuvniaunsndodh 1

v e ' ¥ q90 Y a o o
ﬂﬁummﬂzﬂaﬂﬂi‘jﬂ“ﬁ“lmwm 2 TUATIFNU

um, —vm, u'my—v'm'| |
, . X =0 unx ; ; X =0 (3.35)
um, —vm, u'm'; —v'm',
=1 n 9o ;:?
Aauaums vy ldaas
¥ 7
umm,; —wm,
s 7
VI, — W,
| . X=A4AX =90 (3.36)
um; —wnt,
I ¥
Vi, — win,

Fimaudaums lalyiifiea dmsunde 3 38 X Teomanlunwizdmoudiznym Non -

Trivial H3DN30 det(A) = 0
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unt 4

- d a1 d
nodaandieaaznidanveglnial

4.1 1997 analog switch
Hq s . 4w ¥ , =) ¥
Lﬂﬂl%%i‘ﬂi%iuﬂ'ﬁ switch iﬁﬂﬂ'ﬁﬂﬂTﬂ%’]ﬂﬂhﬁNIﬂﬂ serial port Lﬂuﬂﬁm'ﬂﬂﬂ‘ﬁ'ﬂﬁ

wazensadon 1 Taeru Tlsuns uRideudiuun

42 qunraliy

4

1. IN4001 4 47
2. IN4148 1 7
3. BC547 1 ¥
4.BC557 1 A
5.1C SN74HC4066 1 #n
6. LM78L05 1 @
7. ANUATMY 1k 2 @
g ANUAUMIY 10k 1 #7
9. ANUATUMIY 100k 1 Al

43 dnilsznenvesrsessdanndes
4.3.1 ausdinasa sy
mahand vowsstwnszualdasotmehngsdl  Teorusaa ldsyn Ididuus e

nazugazilan c1 MildnsowssfuldSon @1 LM78L0S imineagealdiionssiu sv



24

Eid

otinal oy

T

N

1

'
;! hH
waan! f o
i
4

U7 41 29030 wnsdunIzuaniy sv

43.2. 2Inianndes
4321 mahaweaaiad
A99m15 1 switch 1 on Iﬂtlgﬂﬁ input ‘l?l serial port Wy -10 v 214 output (switch 1) 990U
(34 high (5v)
1. AveMsId switch 2 on Tﬂﬂgﬂﬁ serial port fianudiy 10 v %ﬁﬂ?’i’output (switch 2)

ponu iy high (5 v)
4.3.2.2 MIveNUUIIINTTIaN

15780931 switch 1 48z switch2on 1 5 v, 5 mA
- NI8t switch 1 on

tifo131809m3 19 switch 1 on 1 port serial UndvzliFnauiuay maznziusides
ABR = 1k edinszuadielaesmify (vee daumfy sv)

I = 571k = 3mA

- n38l switch 2 on

Ql uas Q2 Ko switch 2 #99% on lunisdnOmAIANUEIIIYL Tt
port serial 93ilMFnAUITY 11 v (Veey,, Huveq Q1, v, e @z, 1, Fuvea 2.1,

Huwea Q2, v, Wuves Q2)

V, = Vee-0.7

I, = (V- Ve et Y100k
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I; = (Vee-0.7-Vee, )/ 100k
I, = (5-0.7-0.25) 100k

I, = 0.0405mA

I, = P1, = 125%0.0405=5mA

Ve2= I,*1K=5V

»
IWTIZRHY  Switch 2 32UAAAUNINY 5 V uag Switch 1 92LANAWNNY 0.25 V (OFF)

e
=&

swlenl

Ky

I8 . E . .
br.! - < e K%f‘iﬂ
1 R i
14 1l | ok

W
1
f 2 h 3
e it e T

T L.,
T k)
b3
5,

U 4.2 23990 switch

4.3.2.3 MIM9IUU0I SN74HCH066
vgiimsdedunnmmannded) Tisesdi 11 lauas 2a uazl¥993 switch 1y
w A @ . w oo A 3 14 Pk e .
aaudonlumsvinaulae serial port iWudfmuualumsdenndesd lifiduwnein serial port
w o & e . °
1 switch 1 9244 high ndoefafiniia 3¢ on Walidunnan serial port Uszuim 10 v irld
transistor bes47 uag bess7 Mo ¥l switch 1 590 low 99 switch 2 vzilu high ¥ild

napIRMansdanTHd AR IADS 18
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R

Ac ndpe N

gﬂﬁ 4.4 Schematic analog switch
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5% 4.5 M189995 analog switch

12 ¥ ac[1]
e a 10 gou
MTLIL)
I p@r D4t g
IR¥0UL
INPOTI 5@7 C1
e 1000u.,50U
i) S| uevsL
pUTBUTY | Z [a R3
2 BC547
uTEYT2 | &
105
2rl, AFS[I] 1nFi4s

. iy .
54 4.6 gulnsaiftssumasuliy



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



35

4.4.1 m¥liaueendos ccv
v ar =;
A3 ccy AN 1

2B 80 (AUAINAS

Calibration results after optimization (with uncertainties):

Focal Length: fc=[ 887.46846 B8R5.74285]1+[28.18151 30.94535]
Principal point; ce=[316.20899 184.00148 ]+ [29.94215 3147230]

Skew: alpha_c¢ =[0.00000 ] =[ 0.00000 ] => angle of pixef axes = 20.00000 + 0.00000
degrees
Distortion: ke=[-0.73040 1.64255 0.00447 0.01230 0.00000]=[0.14218 !.12874

0.01087 0.01272 (.00000 ]

Pixel error; err=[ 044474 0.54550]

sz 100 LYUANNS

Calibration results after optimization (with uncertainties):

Focal Length: fe=0922.01251 914.79166 1+[37.35717 40.20827]
Principal point: cc=[386.84789 197.45901] [ 37.89289 49.57067 |

Skew: alpha_c = [ 0.00000 ] £ [ 0.00000 ] => angle of pixel axes = 90.00000 £ 0.00000
degrees
Distortion: ke = [ -0.22969 -3.41472 0.00092 -0.00598 0.00000 ] + [ 0.42516

5.81490 0.02539 0.01057 0.00000 ]
Pixel error: err=[0.39011 053033 ]
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= a
sUEN 120 1B UAIYAS

Calibration results after optimization (with uncertainties):

Focal Length: fc=[947.81358 940.477451+[4597728 50.99768 ]
Principal point:  cc=[392.18321 384.74004 ] £[ 20.22300 45.59914 ]

Skew: alpha_¢=1[0.00000]=[0.00000 ] = angle of pixel axes = 90.00000 = 0.00000
degrees
Distortion: ke = [ -0.02557 -4.48851 -0.01574 -0.00985 0.00000 1=1[90.33766

412806 0.03386 0.00727 0.00000 ]
Pixel error: err=[0.25347 0.33729]

szah 140 19ufas

Calibration results after optimization (with uncertainties):

Focal Length: fo=11012.27882 1007.41691 1+ [49.76265 51.08827]
Principal point:  cc=[34893111 312.76147 ]+ [32.66620 52.66438 ]

Skew: alpha_c = [ 0.00000 ] + [ 0.00000 ] => angle of pixel axes = 90.00000 + 0.00000
degrees
Distortion: ke = [-0.31206 -9.02000 -0.00617 -0.00016 0.00000 ] = [ 0.57448

16.80231 0.03066 0.01130 0.00000 ]
Pixel error: err=[0.19629 0.27088 ]



37

AABY CCV 671 2

SxBzN 80 1VURINUAS

Calibration results after optimization (with uncertainties):

Focal Length: fc=[ 887.46846 885742851+ 28.18151 30.94535 ]
Principal point: cc=[316.20899 184.00148 1+(29.94215 31.47230]

Skew: alpha_c =[0.00000]=[0.00000 I => angle of pixel axes = 90.00000 + 0.00000
degrees
Distortion: ke =[-0.73040 1.64255 0.00447 0.01230 0.00000] + [0.14218 1.12874

0.01087 0.01272 0.00000 ]

Pixel error; err = [ 0.44474 0.54550]

TeBzN 100 LIUtINS

Calibration results after optimization (with uncertainties):

Focal Length: fe=1922.01251 914.79166 ]+ [ 37.35717 40.20827 ]
Principal point:  cc=[ 386.84789 197.45901 ] +[37.89289 49.57067 ]

Skew: alpha_c = [ 0.00000 ] = [ 0.00000 ] => angle of pixel axes = 90.00000 = 0.00000
degrees
Distortion: ke = [ -0.22969 -3.41472 0.00092 -0.00598 0.00000 ] + | 0.42516

5.81490 0.02539 0.01057 0.00000 ]
Pixel error: err=[ 039011 0.53033 ]
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o o
Jus 120 1B UMNHATS

Calibration results after optimization (with uncertainties):

Focal Length: fc=[947.81358 9404774571+ 14597728 50.99768 ]
Principal point: ce=[39218821 38474004 1 +[20.22300 45.59914 ]

Skew: alpha_c =[0.00000] +[ 0.00000 ] => angle of pixel axes = 90.00000 £ 0.00000
degrees
Distortion: ke = [ -0.02557 -4.48851 -0.01574 -0.00985 0.00000 } = [ (.33766

412806 0.033%6 0.00727 0.00000]

Pixel error: err=[0.25347 033729 ]

s8N 140 FEUAINAS

Calibration results after optimization (with uncertainties}):

Focal Length: fo=[ 101227882 1007.41691 ]=[49.76265 51.08827]
Principal point: ce= 34893111 31276147 | £[32.66620 52.664381

Skew: alpha ¢ =[ 0.00000 1£[0.00000 1 => angle of pixel axes = 90.00000 = 0.00000
degrees
Distortion: ke = [ -0.31206 -9.02000 -0.00617 -0.00016 0.00000 ] + [ 0.57448

16.80231 0.03066 0.01130 0.00000 ]
Pixel error: err=10.19629 0.2708%]
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Calibration results after optimization {with uncertaintics):

Focal Length: fo =[1086.34009 1084.78495 ] [ 35.43238 41.88964 |
Principal point:  ce =[350.53970 357.64980 1 % [ 20.69081 46.89353 1

Skew: alpha_c = [ 0.00000 ] [ 0.00000 ] => angle of pixel axes = 90.00000 1 0.00000
degrees
Distortion: ke={0.07162 0.01638 0.05630 0.00245 0.00000 1% {0.24460 1.46402

0.02366 0.00649 0.00000 ]
Pixel error; err=[0.63236 0.99450 ]

32z 100 1rudiag

Calibration results after optimization {with uncertainties);

Focal Length: fo=[1142.39226 1096.96006 1 % [ 48.67663 4295394 ]
Principal point; cc=[212.61350 251.18982]1 M [ 53.75221 30.75520 ]

Skew: alpha_c =[0.00000 ] [ 0.00000 ] => angle of pixel axes = 90.00000 % 0.00000
degrees
Distortion: ke=[-0.03734 035964 0.00918 -0.04265 0.00000 )M [ 0.26652 1.06731

0.00869 0.03296 0.00000 ]
Pixel error: ert = [ 0.40873 0.73516 ]
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Calibration results after optimization (with uncertainties):

Focal Length: fe=[1181.10165 1288.25029 1= [ 205.24960 111.74251 ]
Principal point: cc=[61.12321 24640728 1 [ 113.96103 21.04495 ]

Skew: alpha ¢ =[0.00000] < [ 0.00000 ] => angle of pixel axes = 90.00000 1 0.00000
degrees
Distortion: ke=[0.73685 -0.34822 0.00757 -0.2185% 0.00000 = [0.48323 1.05171

0.00898 0.08475 0.00000 ]
Pixel error: err = [ 0.33809 0.60241 ]

Sebzh 140 BURIAS

Calibration parameters after optimization {with uncertainties):

Focal Length: fc=[1197.27934 1197.27934 ]

Principal point: ce=[319.50000 239.50000]

Skew: alpha_c = [0.00000] => angle of pixe] = 90.00000 degrees

Distortion: ke=1[0.00000 0.00000 0.00000 0.00000 0.00000 1% [0.48323 1.05171
0.00898 0.08475 0.00000}

Pixel error: err = [ 0.33809 0.60241 ]
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Flow Chart Program

main

Start

Capture picture

Freeze picture

Use
3 Dimension Program

Use
Image processing
Program
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Image Processing program{subpregram)

Load picture

Yes
Use
Gray color program
' No
Yes .
Use Fusion program
Use

Subtraction program

Use
Detect color program
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Detect color program (subprogram)

Start

No

Choose color want

to detect (pixel)

Check color , find average
point and line point to point

End
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3 Dimension program(subprogram)

Start

Load picture

y

Choose same point
from each picture

A

find
X.¥,z in 3D

Choose point

complete

Plot 3D

End
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Detecting and finding x,y,z in 3D Program by using Projector
C start /‘

( B

Scanning object and take
picture from CCD cameras
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Detected x,y,z {2D) fromJ

pictures

[ A
Find x,y,z (3D) by using
sterecscopy theory and

buiding file (database. txt)
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Matlab
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PC Com Port - EIA-574 RS-232/V.24 pin

out on a DB-9 pin used for asynchronous
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